ABSTRACT Three handbooks have been developed, in conjunction with a wide range of stakeholders to assist in the management of contaminated food production systems, inhabited areas and drinking water following a radiological incident. The handbooks are aimed at national and local authorities, central government departments and agencies, emergency services, radiation protection experts, the agriculture and food production sectors, industry and others who may be affected. The handbooks include management options for application in the different phases of an incident. Sources of contamination considered in the handbooks include nuclear accidents and radiological dispersion devices; the most relevant radionuclides are included. The handbooks are divided into several sections which provide supporting scientific and technical information; an analysis of the factors influencing recovery; compendia of comprehensive, state-of-the-art datasheets for around 100 management options and guidance on planning in advance. A decision-aiding framework comprising colour coded selection tables, look-up tables and decision trees and several worked examples are also included. The handbooks can be used as a preparatory tool, under non-crisis conditions, to engage stakeholders and to develop local and regional plans. The handbooks can also be applied as part of the decision-aiding process to develop a recovery strategy following an incident. In addition, the handbooks are useful for training purposes and during emergency exercises. To realise their full potential, the handbooks should be customised at national, regional and local levels.
Introduction
The accident at the Chernobyl Nuclear Power Plant prompted a number of initiatives to document and evaluate options for managing the effects of this type of radiological emergency. Information on these management options has been recorded in a systematic way using a datasheet format. Compendia of these datasheets have been published for the management of contaminated food production systems, drinking water supplies and inhabited areas that cover all phases of accident response (Andersson et al., 2003; Nisbet et al., 2004; Beresford et al., 2006) . However, only subsets of these options are likely to be applicable depending on the timing and scale of application, types of radionuclides released and local management practices. Consequently, a need was identified to develop handbooks to aid decision making, not just from a scientific and technical point of view but also taking into account stakeholder opinion. In response, handbooks for food production systems and inhabited areas were developed during a series of UK and European initiatives, the latter supported by the EC through the EURANOS integrated project. In 2005, the first version of the UK Recovery Handbook for Radiation Incidents was published (HPA, 2004) . Since then, there has been an ongoing and iterative process involving stakeholder groups and networks such as FARMING (Nisbet et al., 2005) to develop generic European handbooks for food production systems and inhabited areas, the first versions of which were published in 2006 and 2007 respectively Brown et al., 2007) . Eight emergency centres in Member States that had not been involved in the development of these handbooks took part in demonstration activities to establish whether the handbooks would be useful for the purposes of contingency planning and accident management (Nisbet et al., 2010) . Use was made of emergency exercises or similar events based on scenarios involving contamination of the foodchain and inhabited areas. Feedback from all of the demonstrations was positive with constructive criticism given on how to improve the navigation, structure and format of the handbooks. All of the key improvements highlighted during the demonstrations were taken into account and included in a revised version of the handbooks (Nisbet et al., 2009, in prep.) ; drinking water became the topic of a standalone handbook at this time (Brown et al., 2009 ). An overview of the updated handbooks is presented in this paper.
Objectives and scope
The handbooks have been developed to:
• provide up-to-date information on management options for reducing the consequences of contamination of the foodchain, drinking water supplies and inhabited areas;
• outline the many factors that influence the implementation of these options;
• provide guidance on planning in advance of an incident;
• illustrate how to select and combine management options and hence build a recovery strategy.
The sources of contamination considered in the handbooks are from a nuclear site or weapons' transport accident. However, many of the management options described will also be relevant to other radiation incidents (e.g. an improvised terrorist device), even though the pattern of contamination would be different. The phases covered by the handbooks are the pre-deposition to post-accident phases, with emphasis on recovery in the post-accident phase. The handbook for food production systems considers agricultural and domestic production as well as the gathering of wild foods. The handbook for inhabited areas focuses on the different surfaces present, i.e. buildings; road and paved areas; soils and grass; trees and shrubs. The handbook for drinking water, which was originally part of the inhabited areas handbook, considers public and private water supplies.
Audience and application
The handbooks are specifically targeted at national and local authorities; central government departments and agencies; emergency services; experts in radiation protection; representatives from agriculture and food production sectors; representatives from industry, including the water utilities; and other stakeholders who may be affected or concerned, depending on the situation.
The handbooks can be considered solely as reference documents containing well focused and generic state-of-the-art information on scientific, technical and societal aspects relevant to the management of contaminated areas. However, when used in isolation (i.e. not as part of a project involving a stakeholder participatory process), the full potential of the handbooks cannot be realised. In the same way that these handbooks were developed through a process of stakeholder participation, they are intended to be applied using a similar participatory approach. Examples of the most likely applications of the handbooks are in:
• the preparation phase, under non-crisis conditions, to engage stakeholders and to develop local, regional and national plans/framework/tools; • the post-accident phases, for use by local and national stakeholders as part of the decision-aiding process; • training; • preparation for, and during, emergency exercises.
Structure and content
The overall structure of the three handbooks is similar and presented in Figure 1 . Supporting and background information is provided in appendices. The initial sections provide information on radiation protection criteria, factors influencing the implementation of management options and datasheets for individual management options. Guidance on what can be done on planning in advance of an incident is also given. There is a main decision aiding framework, comprising selection tables, decision trees and look-up tables to assist the user in developing a management strategy based on selecting and combining options on a site-specific basis. Each handbook includes several worked examples that illustrate how to apply the decision aiding framework for a range of accident scenarios. The handbooks should be used as part of a participatory process involving local and national stakeholders in the development of a recovery strategy (i.e. lower segment of Fig. 1 ).
Management options

Purpose
The primary aim of a management option is to reduce doses either from the consumption of contaminated foodstuffs and water via the ingestion pathway or from exposure to contaminated surfaces in an inhabited area via external irradiation and inhalation of resuspended material. A secondary objective is to provide reassurance to consumers and people living in contaminated areas.
Datasheet template
The handbooks consider more than 100 management options; 58 for food production systems, 57 for inhabited areas and 6 for drinking water. There is a large amount of information on each of these management options which needs to be considered before a decision can be made on the most appropriate option(s) to select. A datasheet template was designed to systematically record information in a standardised format, taking into account most of the criteria that decision makers might wish to consider when evaluating different options (Tab. I). The template includes a short description of the option, its key attributes, constraints, effectiveness, feasibility, the waste generated, the types of incremental doses incurred, costs, side effects, and a summary of practical experience of implementing the option. The format and content of the datasheets are based largely on similar documents developed initially in the STRATEGY project (Anderson et al., 2003; Howard et al., 2004; Nisbet et al., 2004) , and which were updated and expanded for additional radionuclides, additional management options, and broader timescales for implementation (Beresford et al., 2006) ).
Classification of management options
Management options can be implemented at different phases of the response extending from the pre-deposition stage and continuing for the days, weeks, months and even years after the accident. In food production systems, management options are designed to target particular media and contamination pathways including soil, crops, livestock and other animal products. They are not only aimed at addressing health concerns but also a wide range of other issues such as the local economy, societal and ethical concerns and disposal of wastes.
Management options for inhabited areas can be divided into two main groups: options that shield people from the contamination (shielding options) and those that remove contamination (removal options, also called decontamination or clean-up options). The implementation of management options is generally the responsibility of the authorities; however self-help options, which may be implemented by the affected population, can also be useful. Importantly, the option not to carry out any recovery can also be a valid alternative. Management options may be further classified according to the surface that they are targeted at (i.e. buildings; road and paved areas; soils and grass; trees and shrubs).
Management options for drinking water are targeted at public and private water supplies and can be divided into two main groups: options that provide clean water through alternative supplies and changes to the source of the supply and those that involve the treatment of water in some way. 
Factors influencing implementation of management options
The characteristics of the radionuclides deposited into the environment from an incident, as well as the type of land that is affected by the contamination and what it is used for, have a significant influence on the selection of management options. The implementation of these management options is not trivial. There are a number of factors that need to be taken into account when developing a management strategy for the long term recovery of contaminated areas. The most important of them are:
• temporal and spatial factors;
• effectiveness of management options;
• waste disposal issues;
• radiological impact (protection of workers);
• environmental impact;
• economic cost;
• societal and ethical aspects;
• communication and information issues.
Each factor is considered in detail in the handbooks both as standalone sections and incorporated into individual datasheets. Some of the key issues are highlighted below.
Temporal and spatial factors
The selection of management options should take account of temporal factors such as the time of year when the incident happened, the variation in activity concentrations of the deposited radionuclides with time and their movement through the environment. When selecting management options, it is also helpful to consider them according to the timescale of their implementation. In the short term, prompt actions are necessary e.g., when dairy cattle are grazing outdoors at the time of deposition, leafy green vegetables are ready for harvest and when mushrooms and berries are available for gathering. However, many actions take time to organise and prepare (e.g. provision of uncontaminated animal feed, distribution of feed additives, topsoil and turf removal). For less urgent situations (e.g. livestock not ready for slaughter, immature crops in the field), several weeks are available in which to decide on and implement appropriate management options. Some situations may require rather drastic or irreversible actions such as change of land use or demolishing buildings. In such situations, stakeholder dialogue and consultation will be essential and sufficient time must be allowed (i.e. months) for the process to be fully implemented.
Management options also need to be selected on the basis of the size of the area affected, levels of contamination present and land use. Typically, there will be areas where contamination levels are very high and priority has to be given to the direct protection of the population (e.g. by sheltering and evacuation). In these areas, protective measures for agricultural production should be considered as a low priority. In other areas not subject to emergency countermeasures, restrictions on the entry of food into the foodchain may be required. Levels of contamination in food products in these areas can be reduced by implementing a suitable set of management options. Finally, there will be other areas not contaminated (e.g. regions adjacent to contaminated areas) but which could still be affected indirectly. In this case, there would be a requirement for extra monitoring to maintain public confidence.
Effectiveness
The management options considered in the handbooks are designed to reduce the (i) ingestion dose from the consumption of contaminated foodstuffs and drinking water; (ii) external dose rates from deposited radionuclides; and (iii) inhalation dose from resuspended material. Consequently, the handbooks have to be used in conjunction with measurement data and models to estimate, for example, the deposition of radioactive material on relevant surfaces and transfer in the food chain.
Information on effectiveness is generally presented in the handbooks as a percentage reduction in activity concentration in the target medium (i.e. soils, crops, building surfaces, roads) after implementing the option. There are some management options, however, which may be considered more as supporting measures (e.g. provision of monitoring equipment and live monitoring), which can increase the effectiveness of other options as well as providing reassurance, but which may not directly reduce doses. Effectiveness is influenced by both technical and societal criteria including application rates, duration of treatments, physical and chemical form of the radionuclide, biological half-live, timeliness of implementation, compliance and acceptability.
Waste disposal issues
The implementation of management options can generate wastes that need to be managed. For example, considerable volumes of contaminated waste can be generated as a result of the placing of restrictions on the marketing of crops, milk and meat. As these restrictions are based on statutory requirements it is essential that appropriate routes of disposal be identified in advance of future accidents or incidents. However, it is not just the placing of restrictions on foodstuffs that creates wastes; several management options also produce contaminated by-products (e.g. slaughtering dairy cows, topsoil removal, firehosing buildings, water treatment facilities) and routes for their disposal must be considered when the option is selected. The handbooks provide datasheets and descriptions of disposal options for waste arising from food production systems and inhabited areas, respectively.
In inhabited areas, contaminated waste will also arise whether or not management options are implemented. These wastes arise from:
• contaminated refuse and goods; • waste water from rainfall and run-off.
In assessing the impact of waste on public, workers and the environment, it is important to consider contamination levels in the waste, quantities of waste produced and doses to workers and members of the public from exposure to the waste.
Radiological impact
Radiological impact refers to the incremental doses received as a result of implementing management options, which are not part of normal practices. Incremental doses are most likely to be received by implementers (e.g. farmers and those involved in clean-up). A number of factors influence the magnitude of the doses received including: type of radionuclide released, medium that has been contaminated, exposure pathways resulting from carrying out the management option (external, inhalation, ingestion, irradiation of the skin), length of exposure time, generation of secondary wastes and additional doses from disposal.
Environmental impact
Environmental impacts may occur when management options are carried out in food production systems and inhabited areas. The impacts can be positive or negative, direct or indirect. Direct environmental impacts can include changes in biodiversity, soil fertility and structure, and enhanced soil erosion as well as pollution of air and water. Indirect effects happen, for example, when an individual's freedom is reduced by changes to traditional lifestyles, or where the utility of the environment changes through restricting access. Information on the environmental impact of each management options is given in the datasheets in each handbook.
Economic cost
It is difficult to predict the economic cost of implementing management options because of the numerous factors that influence cost (Alvares-Farizo et al., 2009 ).
There are direct costs such as those incurred through loss of production, closure of businesses, provision of temporary premises; cost of implementation: labour, consumables, equipment, transport; cost of handling of wastes and carrying out environmental remediation. Indirect costs are equally important, although they are inherently more difficult to quantify. Examples are loss of market share, regional impact on tourism which could extend beyond the affected area; and impact on society when people cannot return to normal lifestyles.
Societal and ethical issues
Societal and ethical factors are relevant to the management of contaminated areas. When deciding which management option should be carried out it is important to understand the implication of any actions on the population, to take into account individual and community concerns and to recognise the need to involve local stakeholders in the identification of problems and their solution. Some management options potentially have a negative impact on society by causing disruption (e.g. through restricting access or activities), anxiety and stress (e.g. by causing panic, upheaval), and stigma (e.g. by affecting businesses or tourism). These need to be balanced against positive impacts through provision of reassurance and improvements to living conditions. There are also ethical issues to be addressed when selecting management options, including: provision of selfhelp options that reinforce liberty and dignity; the distribution of doses over space and time and between different members of the community, animal welfare, environmental risk and consequences for future generations.
Communication and information issues
The provision of information, and how that information is communicated, will have a significant influence on how the authorities manage the situation, on society's response to the problem and on the overall success of the recovery strategy. Maintaining public confidence is paramount. Trust is fragile, easy to lose and notoriously difficult to develop and/or regain once lost. Past experience has shown that it is important to develop a framework for information and communication strategies under non-crisis conditions. It should involve stakeholders due to the complexity of issues. The type of information disseminated should be tailored to meet a variety of needs. The form of communication should be adapted to different levels of understanding, circumstances and to address issues at stake. This should all happen in parallel with the development of the management strategies and at all stages of the response. The handbooks do not specifically include a detailed communication strategy or pre-prepared press statements.
Decision-aiding framework
In the event of a radiological accident or incident, decision-makers will need to be in a position to construct a strategy for managing contaminated food production systems, inhabited areas and drinking water supplies. For small-scale, single radionuclide releases, the strategy may comprise of one or two management options that could be applied over the first few days or weeks following the accident. For wide scale, multi-radionuclide releases, a management strategy is likely to be more complex, comprising a series of management options that could be implemented over different phases of accident response.
The handbooks provide information on more than 100 management options that could assist in the recovery of food production systems, inhabited areas and drinking water supplies. The selection of individual options depends on a wide range of criteria and only a subset of options will be applicable for any one accident scenario. As each accident is likely to be different in terms of its radiological composition, it is not possible to devise a generic strategy. Consequently an eight-step process for selecting and combining options was developed for inclusion in the handbooks (Tab. II). Colour coded selection tables provide a focus for developing a recovery strategy and a series of look up tables are presented to help eliminate options. Each selection table lists all of the applicable management options for each type of food production system or surface within an inhabited area. They provide an indication of whether the management options are suitable for implementation in the pre-deposition, early, medium or late Step Action 1 Identify one or more food production systems or inhabited area surfaces that are likely to be/have been contaminated 2 Refer to selection tables for specific production systems or inhabited surfaces. These selection tables provide a list of all of the applicable management options for the production system/surface selected Based on the outputs from Steps 1-7, select and combine options that should be considered as part of the recovery strategy phases. They also provide an indication of whether the management options are likely to be implemented based on knowledge of potential technical, logistical, economic or social constraints. The colour-coding distinguishes between options that would:
• usually be justified or recommended having few if any constraints;
• also be recommended but would require further analysis to overcome potential constraints; • have to undergo a full analysis and consultation with stakeholders before implementation because of serious economic or social constraints, and options that would only be justified in specific circumstances following full analysis and consultation due to major technical or logistical constraints.
The classification used in the selection tables is intended to be a guide and requires customisation at local or regional level by the relevant stakeholders. The colourcoded selection tables are also available in grey scale for users with colour-vision deficiency and for printing purposes. An example of a selection table to assist in the selection and combining of options for contaminated roads and paved areas is given in Table III . Look-up tables assist in the elimination of options according to the specifics of the incident, for example, according to the radionuclides released, site specific constraints and volumes of waste generated. A single decision tree is used instead of a selection table in the handbook for drinking water as there are fewer options to consider.
Planning in advance
The response to the effects of a major accident or emergency is managed primarily at the local level using emergency plans drawn up in advance. These are easily applied and are universally accepted. Emergency plans do not include actions to be taken in the post-emergency phase (i.e. recovery phase) for which it is much more difficult to be prescriptive about actions to take due to variations in local circumstances. Nevertheless, there should be planning for recovery up to the design basis accident, albeit in much less detail. Although much depends on the nature of the emergency or incident (e.g. its magnitude and the extent of radioactive contamination), consideration of topics such as "requirements for information" and "outline arrangements" prior to the occurrence of an incident should improve the speed of recovery response and may also ensure a more successful outcome. The handbooks provide a breakdown of topics covering data and information requirements that could usefully be gathered in advance of an incident. Consideration needs to be given to the development and sharing of localised databases on commercial and private food producers, dietary habits, businesses, suppliers of raw materials, contractors, waste disposal facilities, and other information. Some of these databases may already exist, but even then, it is not always widely known who would be the point of contact and who would have responsibility for maintaining the databases (the type of information stored could rapidly become out-of-date). The handbooks also give a list of factors that might need to be considered when developing outline arrangements for a recovery strategy, focussed at the local level, in advance of an incident. This includes development of a generic strategy, recovery criteria, roles and responsibilities, stakeholder involvement, protection of workers, practicability of management options. There is a broad diversity of climatic conditions, food production systems, buildings, culture, infrastructure and regulatory frameworks across Europe. Planning for recovery in advance of an incident will require customisation of the generic handbooks at national, regional or local level. Customisation also provides a good opportunity to review national documents and guidelines and to update and to incorporate this information into national versions of the handbooks. An essential component of the customisation process is the involvement of all stakeholders to better identify and include national/regional/local specificities. National, regional and local stakeholder processes should continue, and where none exist they should be initiated at the planning stage, under non-crisis conditions as part of familiarisation.
Conclusions
Three handbooks have been developed to assist in the selection of management options for contaminated food production systems, inhabited areas and drinking water in Europe. A wide range of stakeholders provided scientific, technical and practical input. A decision-aiding framework comprising colour coded selection tables, look-up tables and decision trees are included to assist with the elimination of options, together with several worked examples. The handbooks can be used as a preparatory tool, under non-crisis conditions to engage stakeholders. They can also be applied as part of the decision-aiding process to develop a recovery strategy following an incident. In addition, the handbooks are useful for training purposes and during emergency exercises. To realise their full potential the handbooks should be customised at national, regional and local levels in conjunction with stakeholders.
